A Gram-staining-negative, aerobic, yellow-orange-pigmented, rod-shaped bacterium designated D-24 T was isolated from seawater from sandy shoreline in Johor, Malaysia. The 16S rRNA gene sequence analysis revealed that strain D-24 T is affiliated with the genus Vitellibacter. It shared more than 96 % sequence similarity with the types of some of the validly published species of the genus: Vitellibacter vladivostokensis KMM 3516 T (99.5 %), Vitellibacter soesokkakensis RSSK-12 T (97.3 %), Vitellibacter echinoideorum CC-CZW007 T (96.9 %), Vitellibacter nionensis VBW088 T (96.7 %) and Vitellibacter aestuarii JCM 15496 T (96.3 %). DNA-DNA hybridization and genome-based analysis of average nucleotide identity (ANI) of strain D-24 T versus V. vladivostokensis KMM 3516 T exhibited values of 35.9±0.14 % and 89.26 %, respectively. Strain D-24 T showed an even lower ANI value of 80.88 % with V. soesokkakensis RSSK-12 T . The major menaquinone of strain D-24 T was MK-6, and the predominant fatty acids were iso-C 15 : 0 and iso-C 17 : 0 3-OH. Strain D-24 T contained major amounts of phosphatidylethanolamine, two lipids and two aminolipids, and a phosphoglycolipid that was different to that of other species of the genus Vitellibacter. The genomic DNA G+C content was 40.6 mol%. On the basis of phenotypic properties, DNA-DNA relatedness, ANI value and chemotaxonomic analyses, strain D-24 T represents a novel species of the genus Vitellibacter, for which the name Vitellibacter aquimaris sp. nov. is proposed. The type strain is D-24 T (=KCTC 42708 T =DSM 101732 T ).
The genus Vitellibacter is a member of the family Flavobacteriaceae in the phylum Bacteroidetes. The genus was first proposed by Nedashkovskaya et al. (2003) with the description of Vitellibacter vladivostokensis. To date, the genus Vitellibacter contains five species with validly published names;
V. vladivostokensis (Nedashkovskaya et al., 2003) , Vitellibacter aestuarii (Kim et al., 2010) , Vitellibacter soesokkakensis , Vitellibacter nionensis (Rajasabapathy et al., 2015) and Vitellibacter echinoideorum (Lin et al., 2015) (LPSN, http://www.bacterio.net/index.html). Members of this genus are typically Gram-staining-negative, rodshaped, aerobic bacteria that have been isolated from marine environments, except for strain V. soesokkakensis RSSK-12 T which was isolated from the junction between the ocean and a freshwater spring. Menaquinone-6 (MK-6) was found to be the only respiratory quinone in all species of the genus Vitellibacter (Kim et al., 2010) . Generally, the members of this genus possess iso-C 15 : 0 and iso-C 17 : 0 3-OH as major fatty acids and have a DNA G+C content in the range of 38.9-48.7 mol% . The current study aimed to determine the taxonomic position of strain D-24 T , based on phenotypic, genotypic and chemotaxonomic analyses.
Seawater was collected from Desaru sandy shoreline located in Johor, a southern region of Malaysia (01 31.25¢ N 104 16.05¢ E) in December 2013 and was used as a source for isolation of bacterial strains. The water sample was serially diluted (10 -1 -10 -9 ), and 0.1 ml was transferred onto marine agar 2216 (MA; BD Difco) plates. After 3 days of incubation at 37 C, a yellow-orange-pigmented bacterium, designated D-24 T ,was purified and used for detailed taxonomic analyses. Strain D-24 T was maintained at À80 C in marine broth 2216 (MB; BD Difco) with 20 % (v/v) glycerol. For comparative phenotypic characterization, reference strains V. vladivostokensis KMM 3516 T (Nedashkovskaya et al., 2003) , V. aestuarii JCM 15496 T (Kim et al., 2010) , V. soesokkakensis RSSK-12 T and V. nionensis VBW088 T (Rajasabapathy et al., 2015) were obtained from the respective culture collection centres. All these strains were cultured for 48 h at 30 C on MA and MB media, unless specified otherwise.
Colony morphology of strain D-24 T was investigated after 48 h of incubation on MA plates at 37 C. The Gram staining reaction was performed by using a standard protocol (Claus, 1992) . Cell morphological properties were observed using light microscopy (Nikon ECLIPSE E200) and scanning electron microscopy (SEM; JEOL JSM-6390LV). Cells grown in MB were fixed on cellulose filter membranes with 2.5 % (v/v) glutaraldehyde and dehydrated with ethanol for scanning electron microscopy analysis. at 4, 10, 15, 20, 25, 30, 37, 40, 41, 43 and 45 C with a 48 h incubation period. The pH range for cell growth was determined at pH 5.0-10.0 (in intervals of 1.0 pH unit) in MB buffered with the following buffers: sodium acetate buffer (pH 4.0-5.0), phosphate buffer (pH 6.0-7.0), Tris/HCl buffer (pH 8.0-9.0), glycine/NaOH buffer (pH 10.0), at a molarity of 100 mM. The pH was verified after sterilization and adjusted accordingly. The requirement for NaCl or salinity tolerance was determined using two types of medium: (1) tryptic soy broth (TSB) medium containing 0-16 % (w/v) NaCl (17.0 g l -1 casein peptone, 3.0 g l -1 soybean meal, 2.5 g l -1 disodium phosphate and 2.5 g l -1 D-glucose); and (2) MB medium (initially 2 %, w/v, NaCl) containing 2-16 % (at increments of 1.0 %) (w/v) NaCl. The requirement for Mg 2+ ions was assessed by using TSB medium prepared according to the above-mentioned formula supplemented with 0.45 % (w/v) MgCl 2 . 6H 2 O and without MgCl 2 . 6H 2 O, except that NaCl was excluded. Growth under anaerobic conditions was determined after incubation for 14 days at 37 C on MA using an AnaeroPack in an anaerobic jar (Mitsubishi Gas Chemical).
Growth at different temperatures was investigated on MB
Catalase activity was tested using 3 % (v/v) H 2 O 2 , and oxidase activity was determined by using 1 % (w/v) N,N,N¢,N¢-tetramethyl-1,4-phenylenediamine reagent (Sigma-Aldrich). Hydrolysis of casein, starch, cellulose (CM-cellulose), xanthine, hypoxanthine, tyrosine, Tween 20, Tween 40, Tween 60 and Tween 80 was investigated according to the method of Smibert & Krieg (1994) . Gliding motility was determined as described by Bowman (2000) . Other biochemical and physiological tests including nitrate reduction, indole production, urease, presence of b-galactosidase, and hydrolysis of gelatin and aesculin were tested using API 20E and API 20NE kits (bioM erieux) and GN2 MicroPlates (Biolog). Acid production from carbohydrates and enzyme activities were tested using API 50 CHB/E and API ZYM strips (bioM erieux) respectively. All experiments conducted using commercial kits were performed according to the manufacturers' instructions. Susceptibility to antibiotics was performed using the disc-diffusion method on MA medium. The following antibiotic discs were used: ampicillin (10 µg), bacitracin (45 µg), chloramphenicol (100 µg), erythromycin (60 µg), gentamicin (10 µg), kanamycin (50 µg), lincomycin (30 µg), neomycin (30 µg), novobiocin (5 µg), oleandomycin (15 µg), penicillin G (10 IU), polymixin B (300 IU) streptomycin (10 µg) and tetracycline (45 µg). The results were observed after 24 h and 48 h of incubation at 37 C. Genomic DNA was extracted using the DNeasy Blood and Tissue kit (Qiagen) according to the manufacturer's instructions. The 16S rRNA gene amplification was performed with a forward primer (27F; 5¢-AGAGTTTGATCMTGGCTCAG-3¢) and a reverse primer (1525R; 5¢-AAGGAGGTGWTCCA RCC-3¢), as described by Lane (1991) . The 16S rRNA gene product was purified using a PCR purification kit (Promega) according to the manufacturer's instructions. The purified PCR product was cloned into the pGEM-T vector (Yeastern Biotech), and the recombinant plasmid was then transformed into Escherichia coli DH5a (Yeastern Biotech). Vector with insert DNA was purified using NucleoSpin Plasmid (Invitrogen) and the 16S rRNA gene was sequenced. The 16S rRNA gene sequence of strain D-24 T was searched against sequences from the National Center for Biotechnology Information (NCBI) database and EzTaxon-e server (Kim et al., 2012) for identification. The closely related sequences from members of the family Flavobacteriaceae were retrieved from GenBank, and phylogenetic analysis was performed with the MEGA 6 software program (Tamura et al., 2013) using the Kimura 2parameter model. Phylogenetic trees were reconstructed by using neighbour-joining (Saitou & Nei, 1987) and maximum likelihood (Felsenstein, 1981) methods. The topology of phylogenetic trees was evaluated with bootstrap analyses (Felsenstein, 1985) with 1000 replications.
The subsequent analyses were carried out by the Identification Service, Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures, Germany. Isoprenoid quinones were analysed using HPLC according to the method of Tindall (1990) . Polar lipids were extracted as described by Tindall et al. (2007) and analysed by twodimensional silica gel TLC. For cellular fatty acid methyl esters (FAME) analysis, biomass of strain D-24 T , V. vladivostokensis KMM 3516 T , V. aestuarii JCM 15496 T , V. soesokkakensis RSSK-12 T and V. nionensis VBW088 T was harvested from MA plates after cultivation for 3 days at 28 C. In general, culture growth temperature (28 C) was selected to standardize the growth conditions of all members of the genus Vitellibacter (strains exhibited comparable growth phase). FAMEs were prepared and identified according to the standard protocol of the Microbial Identification System, version 6.1 (Paisley, 1996) . The G+C content of the DNA was determined by the method of Tamaoka & Komagata (1984) with the modification that the DNA was hydrolysed with P1 nuclease and the nucleotides were dephosphorylized with bovine alkaline phosphatase (Mesbah et al., 1989) . The resultant nucleotides were analysed by reversed-phase HPLC with a XB-C18, 2.6 µm (100Â4.6 mm) column. For DNA-DNA hybridization (DDH), DNAs of strain D-24 T and V. vladivostokensis KMM 3516 T were prepared according to a modified method of Marmur (1961) . DDH was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). The hybridization reactions were performed in duplicate.
The availability of genome sequence of strain D-24 T (Gen-Bank accession no. JRWG00000000), V. vladivostokensis KMM 3516 T (JSVU00000000) and V. soesokkakensis RSSK-12 T (LXIE00000000) provides possibilities for species delineation based on average nucleotide identity (ANI). Currently, ANI has been the most accurate alternative technique as a possible next-generation gold standard for species delineation (Richter & Rosselló-Móra, 2009 ). ANI represents the mean nucleotide sequence identity of shared homologous genes between query and reference genome sequences (Goris et al., 2007; Konstantinidis & Tiedje, 2005) . The recommended cutoff point of 70 % DDH for species delineation corresponded to 95 % ANI (Goris et al., 2007) . In this study, ANI values between the genome of strain of D-24 T versus that of V. vladivostokensis KMM3516 T (Thevarajoo et al., 2015) and V. soesokkakensis RSSK-12 T were calculated using the EzGenome web service (Goris et al., 2007; Kim et al., 2014) .
Colonies of strain D-24 T were circular, smooth and slightly convex on MA plates after incubation for 48 h at 37 C. The bacterium was rod-shaped, Gram-staining-negative, nonmotile and yellow-orange-pigmented. After cultivation on MB at 37 C for 24 h, the cells were approximately 0.4-0.5 µm wide and 1.1-1.7 µm long ( Fig. S1 , available in the online Supplementary Material) . Strain D-24 T could grow at 4-43 C (optimum, 37 C), at pH 5.0-9.0 (optimum, pH 7.0-8.0) and with 0-9 % NaCl (optimum, 2-6 %). Acid production from carbohydrates was positive for aesculin ferric citrate, potassium 2-ketogluconate and potassium 5-ketogluconate, in API 50 CHB/E strips. Enzyme activities were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. Strain D-24 T was sensitive to ampicillin (10 µg), chloramphenicol (100 µg), erythromycin (60 µg), lincomycin (30 µg), novobiocin (5 µg), oleandomycin (15 µg) and penicillin G (10 IU), but resistant to bacitracin (45 µg), gentamicin (10 µg), kanamycin (50 µg), neomycin (30 µg), polymixin B (300 IU), streptomycin (10 µg) and tetracycline (45 µg). The predominant menaquinone wasMK-6. The major fatty acids were iso-C 15 : 0 and iso-C 17 : 0 3-OH. The major polar lipids were phosphatidylethanolamine, lipids, aminolipid and phosphoglycolipid. The differential characteristics of strain D-24 T and other reference strains are presented in Table 1 and given in the species description.
The 16S rRNA gene sequence of strain D-24 T (1511 bp) was compared with sequences from the GenBank database. In the neighbour-joining and maximum-likelihood phylogenetic trees, strain D-24 T clustered within the clade comprising species of the genus Vitellibacter (Figs 1 and S2) . Strain D-24 T had highest pairwise similarity with V. vladivostokensis KMM 3516 T (99.5 %) followed by V. soesokkakensis RSSK-12 T (97.3 %), V. echinoideorum CC-CZW007 T (96.9 %), V. nionensis VBW088 T (96.7 %) and V. aestuarii JCM 15496 T (96.3 %). The similarities between strain D-24 T and species from the closest genus Aequorivita were in the range of 93.3-94.9 %.
The predominant isoprenoid quinone of strain D-24 T was MK-6, which is consistent with the other species of the genus Vitellibacter. Phosphatidylethanolamine was predominant in the polar lipid profile of strain D-24 T . Two lipids and two aminolipids were also detected, which were also detected in other species of the genus Vitellibacter. In addition, a phosphoglycolipid was detected, which was different from other species of the genus Vitellibacter (Fig. S3 ). The overall fatty acids profiles of strains D-24 T and the reference strains were similar. The major fatty acids found in strain D-24 T were iso-C 15 : 0 (27.89 %), iso-C 17 : 0 3-OH (15.96 %), iso-C 17 : 1 !9c (8.80 %), iso-C 15 : 0 2-OH/C 16 : 1 !7c (6.85 %) and iso-C 15 : 1 G (6.31 %). However, strain D-24 T had a lower content of fatty acid iso-C 15 : 0 (27.89 %) compared with the most closely related type strain, V. vladivostokensis KMM 3516 T . The comparison of fatty acid profiles of strain D-24 T and five reference strains is presented in Table 2 . The DNA G+C content of strain D-24 T was 40.6 mol% which determined from reversed-phase HPLC.
Despite the high 16S rRNA gene sequence similarity between strain D-24 T and V. vladivostokensis KMM 3516 T , they belong to different species as their DDH yields only 35.9±0.14 % relatedness, which is significantly lower than the 70 % threshold value recommended for the delineation of novel species (Huss et al., 1983) . Apart from that, levels of genomic relatedness were also estimated by obtaining ANI values for strain D-24 T versus V. vladivostokensis KMM 3516 T and V. soesokkakensis RSSK-12 T , the two reference strains with which it shares more than 97 % 16S rRNA gene sequence similarity -the conventional threshold for species delineation. The ANI values obtained were 89.26 % and 80.88 %, respectively, notably below the proposed cutoff value for species boundary at 95-96 % (Table S1 ) (Richter & Rosselló-Móra, 2009 ). Strain D-24 T was distinct from other reference strains on the basis of differences in phenotypic, chemotaxonomic and genotypic characteristics; the ability to hydrolyse Tween 60 and tyrosine, composition of fatty acids, polar lipid profile, DNA-DNA relatedness and ANI value suggested strain D-24 T as a representative of a novel species of the genus Vitellibacter, for which the name Vitellibacter aquimaris sp. nov. is proposed.
Description of Vitellibacter aquimaris sp. nov.
Vitellibacter aquimaris (a.qui.ma¢ris. L. fem. gen. n. aqua water; L. n. mare maris the sea; N.L. gen. n. aquimaris of seawater).
Cells are Gram-staining-negative, rod-shaped, approximately 0.4-0.5 µm wide and 1.1-1.7 µm in length. Colonies grown on MA appear circular, with yellow-orange pigmentation, smooth, slightly convex and 1-2 mm in diameter after incubation for 48 h at 37 C. Growth occurs at 4-43 C (optimum, 37 C), pH 5.0-9.0 (optimum, pH 7.0-8.0) and in the presence of 0-9 % (w/v) NaCl (optimum, 2-6 %, w/v, NaCl). Does not required Mg 2+ ions for growth. No growth is observed on MA under anaerobic incubation. Cells are positive for oxidase and catalase. Casein, gelatin, dextrin, glycogen, Tween 20, Tween 40, Tween 60 and L-tyrosine are hydrolysed. Does not hydrolyse starch, urea, Table 1 . Differential characteristics of strain D-24 T and other closely related species of the genus Vitellibacter Strains: 1, D-24 T ; 2, V. vladivostokensis KMM 3516 T (type species); 3, V. soesokkakensis RSSK-12 T ; 4, V. aestuarii JCM 15496 T ; 5, V. nionensis VBW088 T ; and 6, V. echinoideorum CC-CZW007 T (data from Lin et al., 2015) . Data for the reference strains were obtained from this study unless otherwise indicated. +, Positive reaction; À, negative reaction; W, weakly positive reaction; ND, not determined. Strain D-24 T , V. vladivostokensis KMM 3516 T , V. soesokkakensis RSSK-12 T , V. aestuarii JCM 15496 T and V. nionensis VBW088 T were positive for oxidase activity; hydrolysis of gelatin and casein; production of acid from the carbohydrates aesculin ferric citrate, potassium 2-ketogluconate and potassium 5-ketogluconate in 50CHB/E strips; and activity of acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin and naphthol-AS-BI-phosphohydrolase. These strains were negative for utilization of citrate; nitrate reduction; hydrolysis of starch; acid production from glycerol, L-arabinose, L-arabinose, D-ribose, D-xylose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, D-galactose, D-glucose, D-fructose, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetylglucosamine, amygdalin, arbutin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol and potassium gluconate; and enzymic activity of lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase (API ZYM). Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood algorithm. Hymenobacter glaciei VUG-A130 T was used as an out-group. Percentages at the nodes are levels of bootstrap support from 1000 resampled datasets. Bar, 0.01 substitutions per nucleotide position.
Tween 80, cellulose (CM-cellulose), xanthine or hypoxanthine. Nitrate is not reduced to nitrite. Citrate is not utilized. H 2 S and indole production are negative. Other descriptive features are given in Table 1 or discussed within the results of this study.
The type strain is D-24 T (=KCTC 42708 T =DSM 101732 T ), isolated from seawater collected from a sandy shoreline located in Johor, Malaysia. The DNA G+C content of the type strain is 40.6 mol%. Strains: 1, D-24 T ; 2, V. vladivostokensis KMM 3516 T (type species); 3, V. soesokkakensis RSSK-12 T ; 4, V. aestuarii JCM 15496 T ; 5, V. nionensis VBW088 T (the values of total fatty acids for strains 1-5 were obtained from the present study under similar growth conditions); and 6, V. echinoideorum CC-CZW007 T (data obtained from Lin et al., 2015) . TR, Trace (less than 1 %); -, not detected. *Summed features are groups of two or three fatty acids that could not be separated by GC with the MIDI system. Summed feature 3 comprises iso-C 15 : 0 2-OH and/or C 16 : 1 !7c.
